Sarcocystis is a protozoan parasite with an obligatory 2-host life cycle. The intermediate host, usually a herbivore, is infected by ingesting sporocysts from the feces of an infected definitive host, usually a carnivore. The definitive host becomes infected by ingesting the encysted form of the parasite present in the musculature of the intermediate host 8 Sarcocystis has been found in many animal species, and in a few marine mammals including pinnipeds 4, 5, 18 and cetaceans, 1, 6, 7, 19, 20 but to the authors' knowledge, it has never been reported in belugas and Atlantic white-sided dolphins. The present paper reports Sarcocystis in 2 beluga whales and an Atlantic white-sided dolphin (Lagenorhyncus acutus) from the St. Lawrence, and comments on the possible life cycle.
During a study on the pathology of marine mammals in the St. Lawrence river and estuary, stranded carcasses were recuperated and carried to the necropsy room of the Veterinary School of the Université de Montréal, whether fresh (belugas) or frozen (dolphins, porpoises, and seals). After a complete gross examination, tissues were fixed in 10% buffered formalin, embedded in paraffin, cut into 5-7-µm sections, and routinely stained with hematoxylin, phloxin, and Microphotograph of a thin-walled sarcocyst in the striated muscle of an adult beluga whale (Delphinapterus leucas) . Note the thin septa (arrow) dividing the sarcocyst into compartments filled with bradyzoites and the central area where few bradyzoites can be seen. Hematoxylin, phloxin, and saffron. Bar = Received for publication April 5, 1992. 50 µm. saffron (HPS) for histopathology. Formalin-fixed tissues selected for electron microscopy were fixed with 5% glutaraldehyde, postfixed in 1% osmium tetroxide, and stained en bloc with uranyl acetate. The small blocks were then embedded in epon, cut to 80 nm, and stained with lead citrate. The sections were examined with a Philips 201 transmission electron microscope. muscle of an adult beluga whale (Delphinapterus leucas) . Note the wall (Pw), the numerous bradyzoites (Br), and the single large pale metrocyte
In a 27+-year-old female beluga (DL-5-89) with a bronchial inflammatory polyp and an ulcer of the second gastric compartment, numerous (7 and 1) sarcocysts were found in striated muscle fibers of 2 tissue sections immediately surrounding the mammary gland (Fig. 1) . These ranged from around 110 to 280 µm in diameter and were filled with oval to elongated and rather large organisms, which were identified as bradyzoites. The cysts had a very thin wall from which originated thin septa (Fig. 1) dividing the sarcocysts into compartments. In the central portion of the larger sarcocysts, there was a small area where the septa converged that contained very few bradyzoites. Under the stereomicroscope, the fixed tissues showed the sarcocysts as small white cylinders oriented parallel to the muscle fibers, and enlarging the affected fiber for most of its length. On cut section, these appeared as white circular dilations of the affected muscle fiber. The cut sections of the sarcocysts were visible at both. extremities of the 1-mm-long muscle section.
Ultrastructurally, most of the organisms found inside the sarcocysts were identified as bradyzoites (Fig. 2) , with conoids sometimes visible at their pointed extremities, A few large metrocytes, with their pale cytoplasm, were usually located at the periphery of the sarcocyst (Fig. 2) . The slightly undulating thin wall of the sarcocysts was composed of an electron-dense, circumferential line, which, along with the hardly visible overlying parasitophorous vacuolar membrane, formed the primary sarcocyst wall (Fig. 3 ). This wall was in direct contact with the cytoplasm of the striated muscular host cell. The ground substance, a grayish zone located immediately below the primary cyst wall, formed the septa dividing the sarcocyst into compartments. There was no secondary sarcocyst wall in the specimens examined.
In a 22+-year-old female beluga (D. leucas) (DL-9-88) with a hepatocellular carcinoma, a mammary gland adenocarcinoma, and a pulmonary chondroma, 2 sarcocysts measuring around 125 and 240 µm in diameter were found in the striated muscles immediately surrounding the mammary gland and were morphologically similar to those described before under light microscopy. No other sarcocysts were found in the tissue sections adjacent to those used for histopathology, so electron microscopy could not be performed on this animal.
In a 120-kg male Atlantic white-sided dolphin (L. acutus) (LA-119-87) of undetermined age with testicular abcesses, 13 and 9 sarcocysts measuring around 30-115 µm in diameter were found in 2 sections of subcutaneous striated . The primary sarcocyst wall is formed of the hardly visible parasitophorous vacuolar membrane (long arrow) and of the underlying thicker electron-dense zone (1). The septum (2) originates from the ground substance (3) adjacent to the primary sarcocyst wall. Note the muscular host cell above the sarcocyst wall, with its Z band (short arrow). Uranyl acetate and lead citrate. Bar = 0.5 µm.
muscle. Under light microscopy, these sarcocysts were morphologically similar to those described above. The sections examined under electron microscopy showed fewer details than those of the previous animal, probably because the tissues had previously been frozen, but the thin capsule from which arose tiny septa inside the cyst, as well as a large number of bradyzoites, could be seen.
No gross lesions were associated with the presence of the sarcocysts, which were found incidentally during the histopathologic examination. No inflammatory response was associated with any of the sarcocysts observed. Sarcocysts were found in no other tissue of these animals nor in tissues of 23 other carcasses of belugas, 3 other carcasses of Atlantic whitesided dolphins, 2 carcasses of harbor porpoises (Phocoena phocoena), and 15 carcasses of three species of seals (Phoca vitulina, Pagophilus groenlandicus, Halichoerus grypus) from the same waters.
The sarcocysts found in those animals were located in striated muscles close to the mammary gland in the 2 belugas and just beneath the subcutaneous blubber in the dolphin, but none were found in muscles of the tongue, esophagus, diaphragm, and heart where sarcocysts are usually reported.
This represents an unusual distribution, that would seem to be host specific. All the sarcocysts were morphologically similar under the light microscope, with thin walls, tiny septa, and rather similar size. Also, they all contained mainly bradyzoites, and only a few metrocytes, as is the case in mature sarcocysts.
8 There was no morphological way to differentiate sarcocysts from the 2 whale species, and they were comparable to those found in other cetaceans as to their morphology and wall thickness (Table 1) . Size, which is quite variable, is not a good taxonomic criterion because it varies with many factors such as the age of the sarcocyst, the type of host cell, and fixation procedure. The wall of the sarcocysts described, as well as the ultrastructural description in a sperm whale, 16 correspond to type 1 wa11.
8
The presence of sarcocysts in the muscles of 2 belugas and a dolphin make these whales intermediate hosts.
8 Because sarcocysts are usually host specific 8 a regular 2-host cycle would require definitive hosts that prey on belugas and dolphins in the same ecosystem. Only polar bears (Ursus maritimus) and orcas (Orcinus orca) are known to prey upon belugas in the Arctic. The first ones do not live along the St. Lawrence, and the second ones are very rare in the St. Law- rence and are usually observed in the extreme downstream end of the whale distribution (R. Sears, personal communication).
17 Greenland sharks (Somniosus microcephalus), which are present in the St. Lawrence and are known to attack belugas caught in nets in the Arctic, 2 could also be a possibility. Shark bite wounds were never observed on belugas, probably because these sharks are necrophages. These predators would have to be very abundant and to shed numerous sporocysts upstream of their prey species to infect them, to overcome the dilution of the feces in a very large amount of water, and strong currents in the St. Lawrence, that prevent the sporocysts from staying in the environment. Other possible definitive hosts would be birds, as suggested before, 10 which may feed on marine mammal carcasses, or necrophages like pelagic or benthic crustaceans. A way to improve the probability of infection would be to use fishes as paratenic hosts, but they would also have to be infected, and the problem remains, at least partially. In addition, to the authors' knowledge, paratenic hosts have not been reported for sarcocysts.
Another possibility for transmission would be an aberrant life cycle, with encystment in muscles of an animal, which is usually a top predator, as reported in panthers and cougars, 11 domestic cats, 9,12,13 or dogs. 12 These authors have all mentioned the possibility that immunosuppression, due to a malignant neoplasm, long-term corticosteroid administration, or a viral infection, could have led to an aberrant development of Sarcocystis in the muscles of these hosts. Evidence for immunosuppression has been reported in St. Lawrence beluga whales with the high levels of contaminants and a high incidence of severe lesions. 3, 14, 15 One of the animals in which we found sarcocysts also had 1 benign tumor and 2 different malignant tumors.
It is unlikely that a normal 2-host cycle would involve belugas and Atlantic white-sided dolphins as prey species in the St. Lawrence. The possibility of a widespread infestation due to an unsuspected life cycle in marine mammals also seems unlikely because of the few whales with sarcocysts out of the large number of animals examined in our study. It is more likely that an aberrant life cycle could accidently involve belugas and a dolphin because of immunosuppression or any other unknown reason. In February 1990, a 1,500 milking cow dairy in the California Central Valley changed from feed containing monensin to feed containing lasalocid to 350 head of 2-4-monthold calves of both sexes. The lasalocid was mixed at the feed mill with corn and barley and pelleted. The feed was delivered bulk to the farm and a 1 -gallon bucket of feed was given to each calf once/day. The feed comprised 2/3 of their diet, whereas the remainder was hay. Calves were housed in individual crates. After the first day on the new feed, calves became anorexic, but feed intakes gradually increased over the 5 subsequent days.
One calf died suddenly on day 4 after starting the new feed. On day 5, additional calves developed sudden weakness, increased respiratory rate, mild nasal discharge, and reddening of the nose without a fever. At the time, the feed was replaced with a corn/barley mix without additives. Eleven calves were found dead on day 6.
Field necropsies, performed on 6 of the 11 calves, revealed pleural and peritoneal effusions and pulmonary edema. One calf was necropsied at the California Veterinary Diagnostic Laboratory System (CVDLS) at Tulare 2 hours after it died. This calf had a rumen pH of 5.0, blunting and swelling of rumen papillae, gas accumulation, and large quantities of grain in the rumen. The urine pH was 5.0. No other gross findings were present. Histologic examination revealed suppurative rumenitis compatible with lactic acidosis. No heart lesions were observed.
The next day (day 7) 1 female and 5 male calves, which were found dead, were submitted to CVDLS. At that time, all grain feeding was discontinued and replaced with alfalfa hay. All 6 calves were in good condition and the hearts were contracted. One calf had epicardial hemorrhages. Two calves had yellow mottling of the heart muscle that was most noticeable in the interventricular septum on cut section. Three calves had congestion and hemorrhage of the left papillary Received for publication August 31, 1992. muscle. Five of 6 calves had 1-2 liters of yellow fluid with strands of fibrin in the pleural cavity (Fig. 1) . The fluid clotted on exposure to air. The same 5 calves had marked, diffuse pulmonary edema and congestion, with increased firmness in 10-20% of the anteroventral lung lobes. Two calves had 1 liter of fluid in the peritoneal cavity similar to the pleural fluid. Three calves had rumen pH of 5.0 and an abundance of grain in the rumen. The remaining 3 animals had rumen pH levels of 6.0 with a mixture of grain and roughage in the rumens. Four calves had mild cerebral edema. Histopathologic examination was performed on brain, lung, heart, thymus, liver, kidney, skeletal muscle, rumen, abomasum, small intestine, and colon. The hearts from 5 calves revealed widespread myocardial necrosis with mild, variable cardiomyocyte mineralization and hypertrophy, interstitial edema, and hypertrophy and proliferation of interstitial fibroblasts. The interstitial reaction was minimal in 2 calves. The sixth calf had mild, multifocal myocardial necrosis. Five calves had diffuse pulmonary edema with fibrin leakage into alveoli in the anteroventral lobes. Three of those 5 animals also had a few capillary thrombi and mild neutrophilic exudate in alveoli of the anteroventral lobes. Two calves had evidence of peracute aspiration. Two calves had a few areas of skeletal muscle fiber swelling, fragmentation, and degeneration. Suppurative rumenitis was found in 2 calves; 1 of which had microabscesses in the parakeratotic layer only. The 2 calves tested for selenium had normal hepatic levels (0.5 ppm on wet weight basis).
Deaths continued through day 14 after initial exposure. A total of 70 calves (20%) died by the end of the episode.
The corn/barley feed was analyzed for ionophore antibiotics in 2 laboratories (CVDLS and NVSL). The feed was initially extracted into methanol : water (9:1), passed through a charcoal (G-60 charcoal: diatomaceous earth at 3: 1) column for clean up, and spotted on a silica TLC plate. The ionophores, monensin, narasin, and salinomycin were visualized by this method using a vanillin reagent. None of these ionophores were detected in the feed samples.
Lasalocid analysis utilized a C-18 TLC plate after extraction with hexane : ethyl acetate (9:1) with a series of liquidliquid extractions for clean-up. Lasalocid was visualized using short-wave UV light and quantified using spectrofluorescence.
7 Additional analysis for lasalocid was performed
